A case -control study was conducted in five French metropolitan areas in order to assess the role of traffic -related air pollution in the occurrence of childhood asthma. This paper presents the study design and describes the distribution of key exposure variables. A set of 217 pairs of matched 4 -to 14 -year -old cases and controls were investigated ( matching criteria: city, age, and gender ). Current and past environmental smoke exposures, indoor allergens or air pollution sources, and personal and family atopy were assessed by standard questionnaires. When possible, direct measurements were done to check the validity of this information, on current data: skin prick tests, urine cotinine, house dust mites densities, personal exposures to, and home indoor concentrations of NO x and PM 2.5 . Cumulative exposure to traffic -related pollutants was estimated through two indices: ''traffic density'' refers to a time -weighted average of the traffic density -to -road distance ratio for all home and school addresses of each child's life; ''air pollution'' index combines lifelong time -activity patterns and ambient air concentration estimates of NO x , using an air dispersion model of traffic exhausts. Average current PM 2.5 personal exposure is 23.8 g / m 3 ( SD = 17.4 ), and average indoor concentrations = 22.5 g / m 3 ( 18.2 ); corresponding values for NO 2 are 31.4 ( 13.9 ) and 36.1 ( 21.4 ) g / m 3 . Average lifelong calculated exposures to traffic -related NO x emissions are 62.6 g / m 3 ( 43.1 ). The five cities show important contrasts of exposure to traffic pollutants. These data will allow comparison of lifelong exposures to indicators of traffic exhausts between cases and controls, including during early ages, while controlling for a host of known enhancers or precipitators of airway chronic inflammation and for possible confounders.
Introduction
Over the last 25 years, the prevalence of asthma has increased worldwide among children and adolescents; this inflammatory disease epidemic has been well documented in different developed countries ( Woolcock and Peat, 1997; Jarvis and Burney, 1998; Clark et al., 1999; Platts -Mills et al., 1999; Kay, 2001 ) . In France, the prevalence of asthma among children was 3. 3% in 1968 3% in , 5.4% in 1982 3% in , and 13.9% in 1992 3% in (Neukirch et al., 1995 Momas et al., 1998 ) and it has become the most common chronic disease in childhood, like in many developed countries (Charpin et al., 1991; Samet, 1995 ) . To understand the causes of such a rapid evolution, all the changes that have occurred along the same time frame should be considered. Factors that could alter the immune response to allergens, the amount of allergens that reach the lung, or the physiological response of the lung to airborne insults may be involved. It is difficult to identify to date a consistent change that is common to all sites where asthma has increased throughout the world, suggesting that this phenomenon is likely due to multiple factors. Among those are often cited exposure to indoor and environmental allergens, social practices that modify the patterns of respiratory infections (e.g., large usage of broad -spectrum antibiotics, early attendance of community infant care centers that may facilitate the spread of viral infections, better housing and hygiene that could diminish exposure to bacterial infections), wide spread of exotic food allergens, decreasing trends of physical activity, and evolution in the make -up of environmental irritants, including tobacco smoke and urban air toxicants ( Leikauf et al., 1995; Holgate, 1997; Matter and Karmaus, 1999; Platts -Mills et al., 1999; Platts -Mills et al., 2000; Gold, 2000; Lau et al., 2000) .
For this work, we hypothesize that long -term exposure to air pollutants, which results in chronic oxidative stress and repeated inflammatory responses, plays an enhancer role that accelerates or may provoke, among genetically sensitive subjects, disruption of the normal regulatory and repair processes that continuously take place in the lung, eventually contributing to the increase of asthma incidence. We do not argue that exposure to air pollutants is the key determinant of the current asthma epidemic -a view that would not fit the worldwide distribution of asthma prevalences ( ISAAC Steering Committee, 1998) ; merely, the study design we present aims at assessing the contributing role of chronic exposure to air toxicants, in addition to and in combination with other asthma enhancers or precipitators.
Among eligible toxicants in this etiopathogenic framework, the VESTA [ Five (V ) Epidemiological Studies on Transport and Asthma] study focus is on vehicle exhausts, including diesel engine emissions. While the mechanisms by which fine particulates affect asthma are still unclear, there is in vitro and in vivo evidence that diesel exhaust particles (DEPs) may enhance allergic inflammation and airway hyperresponsiveness through alteration of a Th -2 type inflammation ( Peterson and Saxon, 1996; DiazSanchez et al., 1997; Takano et al., 1997; Peden and Boehlecke, 1999 ) . Nasal DEP challenge was shown to increase nasal IgE production, both in atopic and nonatopic asthmatics ( Diaz -Sanchez et al., 1994 ) . Another hypothesis stems from studies that showed that cat or graminaceae major allergens may adsorb onto DEPs and thus penetrate deeply into the lung (Knox et al., 1997; Pope et al., 1991 ) . Epidemiological studies showing untoward effects of particulate matter on exacerbation of asthma symptoms and on the respiratory function among adult or child asthmatics also lend credit to the study hypothesis in that they provide evidence of the airways inflammation induced by particles. When repeated over a long period of time, this may contribute to the inflammatory remodeling of the airways that characterize asthma (Roemer et al., 1993; Neas et al., 1995; Romieu et al., 1996; Timonen and Pekkanen, 1997; Jedrychowski et al., 1999 ) . Recently, the Ahsmog study found that the incidence of asthma among a cohort of nonsmoking adults followed during 15 years was related to long -term exposure to ozone and, among males, to particles (McDonnell et al., 1999 ) .
Several epidemiological studies dealt more specifically with traffic-related air pollution. The Netherlands studies showed lung function deficits and increases in respiratory symptoms among children living close to highways. Associations between respiratory symptoms such as asthma episodes and air pollution associated with traffic exhausts were also demonstrated in other studies (Wjst et al., 1993; Edwards et al., 1994; Duhme et al., 1996; Ciccone et al., 1998 ) . Atopy and sensitization to allergens were shown to be more prevalent among subjects with greater lifelong exposure to traffic emissions ( Kramer et al., 2000; Wyler et al., 2000 ) , but this result was disputed (English et al., 1999 ) .
In this framework, the main goal of VESTA is to assess the contributing role of traffic -related air pollution in the occurrence of asthma among children. This paper presents the study design and describes the distribution of the key exposure variables in the study population. No attempt will be made here to compare these distributions between cases and controls.
Materials and methods
VESTA is a case -control multicenter study, which was conducted during the period 1998 -2000 in five French metropolitan areas: Paris, Nice, Toulouse, ClermontFerrand, and Grenoble ( Figure 1 ). These cities were chosen 
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in order to cover a wide range of climatic and urban settings throughout the country; their population ranges between 350,000 and 9 million inhabitants. Different cumulative indexes of traffic exposure since birth were developed and will be compared between asthmatic and control children. Data were collected both at an ecological level, through administrative archives on traffic and building, or through results of ambient air quality monitoring; and at an individual level, using questionnaires completed with the children and parents, biological assays, and personal or indoor air measurements. Hence, an array of confounders or effect modifiers will be accommodated in the study analysis. The same design was applied in all sites. Standard operating procedures were written for each specific task in order to ensure the best possible homogeneity of data collection.
Population: Cases and Controls Selection
The study population was composed of children aged 4 -14 years who had lived in any of the five study metropolitan areas since birth ( moving within or between these areas was not an exclusion criteria ), and who volunteered to accomplish the study tasks. Restriction to children at least 4 years old was decided because most wheezing children at 3 do not show to be asthmatics by the age of 6 and after ( Martinez et al., 1995 ) . Exclusion of children who had moved from other cities since they were born was justified by the need to collect detailed information on traffic density about homes and schools throughout each child's history, in order to build a retrospective index of exposure to automobile emissions (see further ); this task could not be accomplished but in a limited number of metropolitan areas in the country, for practical reasons. Incident cases were subjects with a ''recent'' doctor diagnosis of asthma, the study definition being at most 2 years prior to inclusion into the study; of course, most such cases had exhibited respiratory symptoms before he / she was diagnosed as asthmatic. They were recruited either among attendees of the pediatric departments of the study sites university hospitals (in Paris, where there are several pediatric university hospitals, the asthma catchment area of the Department of Pneumology of Trousseau Hospital covers the Great Paris area ) that follow the inclusion criteria, or by a network of private pediatricians or general practitioners. Dealing with children first diagnosed with asthma, attendees of these pediatric departments ( which also offer primary care in their community ) and of the local physicians exhibit the same clinical, social, and geographical profile. Ten to 20 physicians by site participated in the study. First chosen at random, physicians were asked to volunteer for a 2-year participation. Only those who accepted were included in the network, with special care given to have practices scattered across each metropolitan area. All eligible cases that sought care in their practice after the study had started were supposed to be asked to participate and, in case of acceptance, his /her identification communicated to the coordinating center in each study area.
Controls were children without asthma or other chronic respiratory symptoms, nor any other known allergic condition ( eczema, hay fever, atopic dermatitis, urticaria). They were recruited by the same network of pediatricians or GPs among children coming to their practice who complied with the inclusion criteria, and also through the cases themselves, who were asked to recommend relatives willing to participate. These cases' relatives were restricted to children who did not attend the same school ( equivalent to not living in the same city neighborhood, in the French school system ), not to overmatch on the ambient air environment; also, they could not belong to the same family (brothers / sisters or cousins) to prevent similarities as to their atopic status. This procedure was meant to alleviate a classical source of selection bias in clinic -based cases and control groups: differential health care recourse patterns according to social categories, a phenomenon that could have, here, altered the comparability of exposure to trafficrelated air pollution. Hence, a pool of eligible controls was built, among which matched pairs were constituted when a new incident case was enrolled. Matching criteria were age ( ± 1 year ), gender, and day of personal exposure measurements (see further ); of course, this recruitment procedure also resulted in matching on the study area. Consequently, this case -control study aimed at assessing the role of local contrasts in air pollution exposures on asthma occurrence, rather than studying the effect of air pollution across different urban, industrial, or climatic settings.
The study design was approved by an ethic committee. Each family, including the participating child, was asked to sign a letter of consent, in accord with the French regulations on biomedical research. The sample size expectation was over 400 children (cases and controls ), based on the hypothesis of a 5 -to 10-g/m 3 difference between average lifelong exposure to traffic -related nitrogen + oxides expressed as nitrogen dioxide, =5%, 1 À =80%, one -sided test, sample size ratio =1, according to hypotheses on dispersion of exposures in the study population (20 -40 g/m 3 ). A pilot study in Paris, which was conducted in order to evaluate the accuracy of one of the exposure metric to be used in this study ( the ExTra software, see further ), provided descriptive data on NO x concentrations at 30 front doors; these data were used to derive sample size estimates.
Health Data
A medical questionnaire was filled in by parents when the interviewer came at home. It followed the standardized and validated ISAAC and ECRHS questionnaires (Burney et al., 1994; Charpin et al., 1997 ) and explored the respiratory symptoms, and specifically asthma symptoms, with a view to assess severity of asthma. The respiratory function is also associated with asthma severity, and the forced expiratory volume in 1 s ( FEV 1 ) was measured at home: children were asked to blow in a portable electronic One -Flow Tester1 ( Uijl et al., 1997 ) . The best of three successive attempts is automatically stored in the tester's memory. This portable spirometer was evaluated in reference with the conventional hospital spirometers among 39 children and showed very good correlations (r =0.97 ). A severity score will be constructed to categorize cases and evaluate heterogeneity of the association between exposure and asthma according to severity. The score will use a combination of data from the medical questionnaire (frequency of asthma symptoms and medication) and from the FEV 1 test. Atopy was evaluated by inquiring about allergic conditions (hay fever, eczema, urticaria, atopic dermatitis ), and with skin prick tests with the following allergens: cat, Dermatophagoı¨des pteronyssinus, Alternaria tenuis, timothy grass, Blatta germanica, olive tree, birch tree, pellitory, ragweed ( Allerbio, France ). Unfortunately, due to stringent French regulations as to the protection of volunteers in biomedical research, we were not allowed to undergo these tests at home, as planned initially. Children were asked to come to the hospital in each study site. In case of refusal, results of skin prick tests that might have been done previously were requested.
Assessment of Cumulative Exposure to Traffic
Other questionnaires were filled in by the parents. One located and described all homes and schools ( including day care centers and alike ) of the child since birth, with detailed addresses. Parents ( and children, for the older ones ) also filled in a time -activity diary (TAD; 15 -min resolution) during a whole week. In addition to providing interesting descriptive data on current time -activity patterns of children, the aim of this detailed TAD information was to compute age -specific average time spent at home and in other indoor environments (such as school ) that were used to elaborate indexes of cumulative exposures to traffic. Since enrollment of children was spread over the study period, average values across subjects are good estimates of yearly data.
Two main exposure variables were built. One will be referred to hereafter as ''traffic density.'' It is a timeweighted average of the traffic density -to -road distance ratio (I /D ), where I and D were calculated for each home and school ( or day care locations for infants ) address throughout the child's life. Among the numerous roads that may exist around a given location, the index road that was chosen for computation of this ratio was the one located within 300 m from each address that resulted in the greatest I/D ratio; traffic -related air pollution at further distances was considered as a ''background noise,'' in accord with French air quality monitoring networks criteria. An age /gender-specific average of time spent daily at home and at school (or a corresponding day care location ) was used for weighing the school and home I/ D ratios over the lifetime. While information on this timeactivity profile is reliable for the current child's life, parents cannot recall this information after many years. Therefore, corresponding age -and gender-specific average times spent at home or at school (and day care location ), in each study site, were used to compute for each child his /her cumulative lifetime I/ D time -weighted ratio. Distance values were calculated on detailed city maps. Data on past traffic density were retrieved from administrative files in each study site; when necessary, past traffic densities were estimated backwards by correcting the current values by the average increase rate across the same period, in each study site, so that all traffic data are standardized to 1998 values. Detailed information on traffic intensity was sometimes lacking ( particularly for small inner city roads ); in these circumstances, officers from the local transportation departments were asked to provide an expert judgment on the most appropriate category among the following four: less than 5000 vehicles/day; from 5000 to 10,000; from 10,000 to 20,000 and above -the central value being thereafter used to compute the I/ D ratio.
The second index, termed ''air pollution,'' was built after the ExTra software (Sacre et al., 1995a,b ) that had been elaborated by INRETS 3 and CSTB 4 . It classifies subjects according to modeling of annual outdoor air concentrations of some traffic pollutants at specific locations. Calculated concentrations have two components: a regional component corresponding to the background pollution, to which is added a local component that takes into account traffic density on the way in front of the address of interest, local urban topography ( width of the road, height of the buildings on both sides of that road, floor of the home, when located in a building ), and wind direction and speed. Local urban topography data were provided by parents for each home and school address throughout the child's life, whereas wind characteristics and annual background air pollution values were requested from the national meteorology administration and the local air surveillance networks. Traffic density statistics were common to both indexes (''traffic density'' and ''air pollution''), but the latter focused on the road at the home or school front door, considering in addition other roads within 50 m if traffic density was greater. The model for open space near roads and highways is known as CALINE 3 (Benson, 1992 ) , whereas a Danish model ( OSPM; Hertel and Berkowikz, 1989 ) is used for canyon roads, bordered on one or both sides by a row of buildings or detached houses. Following the same rationale as for the I /D ratio, a cumulative exposure index was estimated over the different residences and schools or day care locations of a subject throughout his /her lifetime. This index was calculated for nitrogen oxides (NO x =NO+NO 2 ), which are good indicators of traffic emissions that account for 68% of total NO x emissions in France (Dang and Fontelle, 1997 ) . In order to validate the ExTra model, estimates of the average concentrations of NO x associated with traffic emissions were compared, within this study, over six successive weeks, to immediate outdoor measured values ( using passive samplers placed on the edge of a front window or balcony) at a composite sample of over 30 inner city sites in Paris, in 1998, and at 20 sites (inner city and suburban addresses ) in Grenoble, in 1999. The results, which are presented in detail elsewhere, showed a high correlation ( r= 0.85 and 0.84, respectively ) Alili et al., in press ). These data give credit to the use of this traffic -related pollution model to reconstruct past cumulative exposures.
Personal Exposure Measurements and Assessment of Confounders or Effect Modifiers
While the study focus is on lifelong cumulative exposure to air pollution associated with automobile exhausts, an effort was made to measure current personal exposure to fine particles and nitrogen oxides, with the parallel objective to describe exposure of children in urban settings in France. All children continuously carried on their clothes, during 48 h, a passive sampler measuring NO and NO 2 .
5 These small badges ( weight 16 g) consist of a cylindrical polymer body and a plastic pin -clip holder with two filters. One is impregnated with triethanolamine that traps NO 2 ; the other one also incorporates an oxidant to convert NO into NO 2 , which allows to measure the total NO x (NO+NO 2 ) content. The resulting pink color is measured by spectrophotometry ( 545 nm wave length; Beckman Model 25 photometer ). In order to measure exposure to PM 2.5 , a pump (SKC, Arelco, Fontenay-sous-bois, France; with air flow set at 4 l/min ) was set in a rucksack. Fine particles were collected on a Teflon filter (Pall Gelman, Saint-Germain-en-Laye, France; diameter 37 mm, porosity 2 m ). Each filter was weighted before and after sampling with a microbalance (Mettler MT5 ). Filters were stored at 48C after sampling. They were placed at room temperature and humidity [respectively, 21.8 ± 0.48C ( SE ) and 45.3± 7.7% ] during about 60 min, and deionised (Multistat EI -RN ) before weighting. Personal exposure to PM 2.5 (in g/m 3 ) was estimated as the difference between the two filter masses before and after sampling, divided by the total air volume. Due to the weight of the devices (2 kg ), only older children ( 8 and above ) were asked to carry the rucksacks; they were instructed to keep them wherever they moved, continuously during 48 h. This method had been successfully applied for adults in the framework of the European Expolis study (Jantunen et al., 1998; Koistinen et al., 1999 ) . Reproducibility of the measurements was assessed in Grenoble with 11 adult volunteers carrying during 48 h two similar pumps: the average relative difference between the two values was 4.6% (range: 0.8 -8.8% ). Reproducibility of NO x measurements was also excellent, after a test with 15 samplers collocated at the same outdoor sites in Paris (average relative difference =1.5%, Pearson correlation coefficient = 0.97). Ambient air concentrations of NO 2 and particles ( PM 10 ), which were measured by the local air quality monitoring networks during the days when the children were investigated, were also retrieved to describe their general environment. Similarly, pollen counts were requested and provided by the national aerobiology surveillance network.
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Questionnaires were used to collect data on variables that might confound or modify the association between cumulative exposure to traffic emissions and case or control status. Passive smoking prior to and since birth, attendance of day care center, home equipment with sources of pollutants emission ( air and water heating systems, energy used for cooking ), or favorable conditions for dust mites, fungi, and other allergen development (indications of humidity in the house, or pets at home ), in all homes since birth, can be evaluated retrospectively. Standard questionnaires published in the literature and those written in the framework of the European Expolis study were used to describe in detail the home environment (Jantunen et al., 1998 ) .
The reliability of these data is questionable, however. In order to assess their validity, at least for the current home environment, corresponding data were also collected crosssectionally and measured when possible. Each child was asked to provide a sample of urine for the dosage of cotinine. The sample was taken any convenient morning across the 48 h of the PEM period; given the urine cotinine half -time (about 20 h), it typically represented exposure of the previous evening ( Benowitz, 1999 ) . Urine samples were stored at À 188C until analysis, and cotinine was quantified by an Enzyme Immuno -Assay (EIA ), following a method ( Roche et al., 2001 ) adapted from the original method described by Langone et al. ( 1973 ) , in order to assess urinary cotinine among nonsmokers exposed to ETS. Indoor concentrations of PM 2.5 and NO x were measured in a sample of homes in each site (10 -20 for PM 2.5 ; 20-40 for NO x ) in a view to assess the contribution of indoor air to personal exposures. Because time spent indoor amounts to about 90% of lifetime in France, as in most comparable countries (Schwab et al., 1990 ) , the influence of indoor sources of pollution on personal exposure is important. NO x samplers and PM 2.5 pumps similar to those used for measuring personal exposures were installed in homes during 48 h at a central place ( the living room, as a general rule ). All particulate filters and NO x badges collected indoors or after 48 h personal sampling were sent to and analyzed in one central laboratory for each pollutant.
To assess current exposure to house dust mites, dust was collected from the mattress and the floor of the bedroom as well as from the floor of the living room with a vacuum cleaner (Dillon et al., 1999 ) . The Acarex tests kits ( Karapharm, France ) allow a semiquantitative assessment of the house dust mites concentration with a four-step color scale (''negative, mild, moderate, strong''), whose correlation with monoclonal antibody test (ELISA assays ) has been shown to be good ( Spearman coefficient = 0.85) ( Ransom et al., 1991 ) .
Results: study population and description of exposure variables
A total sample of 434 children were included, corresponding to 217 full pairs, whose main personal and home characteristics are detailed in Table 1 . Participants are young ( 60.7% less than 8 years old ), with a little more boys than girls. Only 30 controls have been recruited among relatives of a case; all others were directly enrolled by the hospital or general practitioners.
Maternal smoking during pregnancy is declared frequently as exposure to environmental tobacco smoke at home. Cumulative ETS exposure at home is greater for paternal smoking, and amounts, on average, to 95.7 cigarettes years (number of cigarettes per dayÂnumber of years; SD =75.8 cy ); corresponding maternal values are 70.9 cy (SD =63.2). Some variables show sharp differences between cities: scores of house dust mites are much greater in Nice than in the other sites. House dust mites were more abundant when parents had declared traces of humidity and / or fungi in their current home [Acarex score = 2.34 (SD =0.7; n= 173 )] than when they had not [2.07 (0.6; n =152 ), P <10
À 3 ], a favorable indication about the reliability of parental statements as to previous homes. For 335 children (171 cases and 164 controls ), results of skin prick tests were available ( 310 were done within the study and 25 had been done previously -21 cases and 4 controls ), among which 46.2% was positive for at least one allergen ( 69.9% vs 22.2% ).
Current personal exposures to fine particles (only measured among children older than 8; n =103 ) and nitrogen dioxide (n = 419) spread over a large range within cities, as shown by the standard deviates of Table 2 ; indoor concentrations at home are also quite variable. Personal exposures to fine ( PM 2.5 ) particles and nitrogen dioxide are uneven across VESTA cities, with greater values in Paris for particles ( P= 0.06 ) and in Nice for NO 2 (P=10 À 3 ); by contrast, home concentrations are not, suggesting that in addition to penetration of outdoor pollutants, indoor sources contribute significantly to indoor air concentrations. Ambient air background PM 10 concentrations during the same days as the personal monitoring days were similar across cities: 20.0 (SD = 5.4 ) g/m 3 in Paris, vs 19.7 ( 6.9) g/m 3 in Grenoble, 17.0 (8.3 ) g/m 3 in Toulouse, and 18.4 ( 8.6) in Clermont -Ferrand; no PM measurements were done in Nice when the study took place. Corresponding figures for NO 2 showed differences between cities ( P <10 À 3 ), with, respectively, 50.9 g/m 3 (11.8 ) in Paris, 31.6 (8.7 ) in Grenoble, 31.2 (11.1) in Toulouse, 28.5 ( 13.1) in Clermont -Ferrand, and 37.1 g/m 3 ( 8.6) in Nice. Pollen counts were also compared across cities, and proved different ( P <10 À 3 ), with total pollen average values over the 1991 -1996 period ranging between 90.3 U / m 3 in Grenoble (SE = 144 U /m 3 across monthly FebruaryOctober means ) and 155.4 U /m 3 ( 200.4 ) in ClermontFerrand; also, important yearly variability within cities is apparent.
Lifelong exposures to traffic -related NO x are greater in Paris and the lowest in Nice (overall P <10 À 3 ), with important between -subjects variances in all cities ( Table 3) . In accord with these results, average lifelong traffic density differs across cities (P <10 À 3 ) with greater values for children from Paris than from other cities; the average values of both indices rank similarly three of the five cities. Further, the correlation between both values for each child across all cities is fair (r= 0.54 ). The traffic density indicator was also computed for different life periods (less than 3, 3 -5 years old, and above ): although most ( 62.3% ) children had moved since birth, there was a high correlation of the indicator along life ( r= 0.92 between places where children lived before age 3 and lifelong values, ranging from 0.88 to 0.92 according to the study site ). This suggests that moving families stay in general in the same type of environment, with regard to traffic; further, current home characteristics also relate to past exposures since children have lived at their current home address for 5.0 years on average (SD =5.9 ). Exposure to traffic -related pollutants and to traffic density will be compared between cases and controls according to these life segments, with the hypothesis that earlier exposures ( mostly before 3 years old ) may be more influential than later ones. Time spent at school and at home at different age periods are inputs for the construction of both lifelong time-weighted exposure indices. Figure 2 exhibits the distribution of average daily time ( in hours ) spent in four main microenvironments, over the whole study population; these data are averaged over the whole week (rather than excluding weekends ), a time frame that is appropriate for estimating annual exposure values. There is little heterogeneity according to age (time spent at home spans between 16.5 and 15.6 h /day for age categories 4-6 and 10 -14 years old, respectively, with the intermediate age category value lying in between ), while time in other locations -practicing sport, shopping, etc. -increases in parallel from 2.7 to 3.4 h /day; time spent at school is stable about 3.8 h/day across age, gender, or study sites (data available upon request).
Discussion
This study design is complex and great effort was made to set and follow quality assurance procedures in view to ensure a high level of comparability across subjects and cities. These procedures concerned cases and controls selection, and collection and management of interview, administrative, model -based, or measured data. A series of companion papers describes the results of these validation and quality assurance activities Roche et al., 2001; Alili et al., 2002 ) . In addition, exposure measurement or estimation procedures, and health or indoor environment questionnaires that were used in the VESTA project used investigation tools that have been published and validated.
Personal exposure in this population of children is in the range of previously published data ( Quackenboss et al., 1986; Raaschou -Nielson et al., 1997; Alm et al., 1998; Janssen et al., 1999; Linaker et al., 2000 ) . Personal exposure studies conducted among adults show in general greater values. For instance, 40 nonsmoking adults in Grenoble exhibited average PM 2.5 personal exposures between 21.8 and 36.7 g/m 3 according to season (Boudet et al., 2000 ) . Fifty -five nonsmoker office workers in Paris ( Mosqueron et al., in press ) showed average values of 30.4 ± 14.1 g/m 3 . In four other European cities (Basel, Prague, Athens, and Milan ), average personal PM 2.5 values among adults ranged between 29 and 47 g/m 3 ; in the same Expolis study, data from the city of Helsinki were lower, however ( 15 g/m 3 on average ) (Jantunen et al., 2000 ) . Published NO 2 personal exposure values are more even between children and adults. For instance, data from European countries, selected in an international study among adults conducted across 18 cities (Levy et al., 1998 ) , range between 21 and 47 g/m 3 . In the Parisian study ( Mosqueron et al., in press ), personal exposure to NO 2 was 43.6 ± 11.3 g/m 3 . Exposure to traffic emissions has been assessed following different approaches in the literature, such as selfreported traffic density on the street in front of the home ( Duhme et al., 1996; Ciccone et al., 1998 ) , or the number of vehicles per 24 h passing along the nearest street by the home or the school (Edwards et al., 1994; Kramer et al., 2000; Venn et al., 2000; Wyler et al., 2000 ) . Distance between the nearest street and the home has also been accommodated ( Nitta et al., 1993; Brunekreef et al., 1997; Kramer et al., 2000 ) . In a broader geographical perspective, exposure has been indexed based on the street with the greatest traffic density in the area where the child's school or home was located (Wjst et al., 1993; English et al., 1999 ) . Nuisances perception at home was also suggested as a good proxy for traffic -related air pollution in Switzerland (Oglesby et al., 2000 ) . Following the same rationale as the VESTA ''traffic density'' index, some studies combined traffic and distance data (Wilkinson et al., 1999; Pearson et al., 2000) . In a recent case -control study of air pollution from traffic and childhood cancer, two cumulated exposure indices were also accommodated, as in the present study, with the same Danish OSPM software that is built in the ExTra model (Raaschou -Nielson et al., 2000; RaaschouNielson et al., 2001 ) . In Stockholm, retrospective exposure of men to traffic exhausts was reconstructed using historical ambient air measurements at different fixed air quality surveillance sites (Nyberg et al., 2000 ) .
The two exposure indices that are used in this study present distinct features. Traffic density is computed using data that are rather easy to retrieve from administrative files; its relative simplicity makes it useable in a large array of epidemiological studies on traffic -related air pollution. Also, since it only depends a little upon information from the study participants, it is not prone to declaration bias. The air pollution index is much more data -demanding, with some information provided by the study subjects themselves; thus, while more accurate, insofar as the input data are so, it is more difficult to use. None of these exposure metric is perfect, and we will be able to assess whether the results of our study are influenced by how cumulative exposure is characterized. The indices used in the VESTA study also share some common characteristics. Time -weighted lifetime exposure differentiates two important locations: home and school ( or day care center, for toddlers ). It is estimated by applying age -specific (and also gender-and city -specific ) average time spent at home and school, based on current cross -sectional time -activity data; we thought this approach appropriate because parents cannot provide accurate data on past ( up to 10-12 years ) average daily time spent at home or school, and there is no reason why current activities should differ from those of past generations, along this rather short time period. Reliability of cumulative exposure also depends upon the accuracy of residence histories, both in terms of number and duration. A study within Californian college students showed that lifetime exposure to ozone could rely on interviews about residential histories because there was a very high agreement between repeated observations on number, duration, and location of residences since birth when the number of these residences was not high (one to four ). In the VESTA study, locations of residences and schools were used to retrieve traffic density statistics from administrative files (either before the home and school front doors or among all streets about these sites, according to the exposure index ). These measurement data were thought more reliable than declared estimates of traffic density ( e.g., ''high, medium, low''), although a study from the Italian SIDRIA group showed that this source of information was able to classify correctly exposure to traffic -emitted pollutants ( Ciccone et al., 1998 ) . In another study, front door measurements of NO 2 , used as an indicator of traffic emissions, were shown to be significantly correlated with average personal exposure values of 103 children in Copenhagen and 101 children living in Danish rural areas (R 2 between 45% and 49% ), when the data were restricted to those without passive smoking nor gas appliances at home (Raaschou -Nielson et al., 1997 ) , showing some degree of error in exposure assessment. However, the sensitivity (84% ) and the specificity ( 74% ) of the classification of exposures into ''high'' versus ''low,'' based upon these front door estimates, were high, using personal exposure measurements as the reference. This means that using front door estimates of concentrations ( or equivalent indices, as in VESTA ) of trafficrelated pollutants, in order to classify subjects into broad categories ( such as ''high / low'' or ''high / medium / low''), is valuable. It is precisely what the VESTA study exposure assessment approach aims at.
Expected results
This study produced data that will make possible comparison of lifelong estimates of exposure to traffic -related air pollutants, while controlling for the most important risk factors of asthma that have been described in the literature. This analysis will also be possible for different life segments, with the hypothesis that exposures at very young ages may be more influential. In addition, this study offered the opportunity to collect many descriptive data on personal and population exposures to ambient air and indoor environment pollutants in several large French cities.
